To specify the aestivation site of Apostichopus japonicus, an individual tracking survey was carried out in the jetty in Yoshimi Bay, western Yamaguchi Prefecture. Ten marked animals were released and continuously tracked for one summer. Their aestivation sites were not in the mud that was once considered as the main aestivating habitat of this species, but in the narrow space between shells on the steel sheet-pile wall in the bend of the jetty, and the undersurface of the overhang-structure in the quay. We conclude that underneath of the rock tracts and boulder stones are the natural aestivating habitats.
Introduction
The Japanese sea cucumber Apostichopus japonicus (Holothuroidea, Stichopodidae) is widely distributed in coastal areas throughout the Northwest Pacific, and in Japan from Hokkaido to Kagoshima (Mitsukuri 1912) . Although it is a common species and important fishery resource, little information on its basic ecology is available, especially as regards aestivating for the habitat utilization. Mitsukuri (1903) reported that the aestivation sites of adult A. japonicus were underneath and in depressions in rocks. However, it is clear fact that the number of aestivating individuals in such sites was considerably less than that of creeping individuals in winter. Tokuhisa (1915) and Miura (1922) supposed that A. japonicus crept into the muddy bottom for aestivation. However, Miura failed to verify this and changed his opinion (Miura 1924) . Although the theory that A. japonicus creeps into the mud in summer and comes out in winter is questionable, it is still believed by many workers engaged in sea cucumber fishery, because many individuals suddenly appear on the muddy sand fishing grounds in early winter.
In the present study, we tried to specify the aestivation site of several individuals on an artificial structure by means of a continuous individual tracking survey. With the results of this survey, we discuss the main cause of the disappearance of A. japonicus in summer and where they are, and infer the habitat requirements for aestivation of A. japonicus.
Materials and Methods

Study site
The present study was carried out in the jetty near the front gate of the National Fisheries University (NFU) in Nagata-Honmachi located at Yoshimi Bay (130°53Ј39ЉE, 34°4Ј9ЉN), western Yamaguchi Prefecture (Fig. 1 ). There are many adult Apostichopus japonicus around the jetty. The jetty has the distance round of approximately 230 m and a water depth of 0-4 m under the chart datum level. It is composed of a quay excavated parallel to the coastline and a jetty projected perpendicularly from the quay (Fig. 1) , where sediment conditions are mainly sand bottom or mud bottom. It is constructed by using steel sheet-pile in the framework (Fig. 2) , and every steel sheet-pile in either part is covered with common oyster Crassostrea gigas and other Individual tracking to specify the aestivation site of adult sea cucumber Apostichopus japonicus on a jetty in Yoshimi Bay, western Yamaguchi Prefecture, Japan attached organisms all year round. Its biotic environments were detailed in Yamana et al. (2008) .
Methods
To mark and track individuals, ten adults of the green color type of A. japonicus were collected from the nearshore adjacent to the present study site, on June 8, 2004 (Fig. 1, C) . All collected animals were brought to the laboratory and marked on the dorsal skin on the same date. The marking was applied using a soldering iron (100 V, 40 W) (Yanagisawa et al. 1984) . To await spontaneous cure, the animals were fasted for 14 days in a tank with running seawater that was pumped up from the Sea of Japan adjacent to NFU and was supplied after the sand filtration and ventilation. The water flow was at a rate of approximately 0.5 L per minute. No heating or cooling equipment was used. After recovery, the animals were maintained by extensive rearing near the natural condition with running seawater. The bottom water temperature was 21.5°C at the time of collection (Fig. 3 ). Although this time was in the "period of aestivation" (Choe 1963) , it is clear that these individuals were not aestivating yet, as feeding behaviors such as movement of the circumoral-tentacles and excretion behavior were observed.
When the first aestivating sea cucumber was observed in the present study site, the branded marked individuals were released into the jetty on three dates: June 28 (2 individuals), July 1 (2 individuals), and August 23, 2004 (6 individuals) at 6:00 A.M. All individuals were measured the standard body length of Yamana & Hamano (2006) before the release (Table 1) . On June 28 and July 1, they were released on the mud flat 1.5 m apart from the bend of the jetty (Fig.  1, A) . On August 23, they were released on the mud flat 1.5 m apart from the junction of the jetty and quay (Fig. 1, B) . SCUBA divers gently placed the marked individuals on the sediment surface at various orientations. The movement of the released individuals was active for the first few days, and the divers searched for the marked individuals twice a day every twelve hours at 6:00 A.M. and 6:00 P.M. for the first few weeks. After that, the searching frequency was adjusted according to the activity of the marked individuals.
Results
The first two individuals "Individual A" and "Individual B" of marked Apostichopus japonicus were released on the mud flat near the bend of the jetty on June 28, 2004 at 6:00 A.M. (Table 1 , A and B) (Fig. 4, A) , and they were found at 6:00 P.M. on the same day. Individual A was attached to the lower part of the wall of jetty and was just covered with seaweed. We were unable to find Individual A on the following day, June 29 at 6:00 A.M. Individual B attached to the side face of a clump of Crassostrea gigas on the bottom. It moved over to the lower part of the wall on the following day, June 29 at 6:00 A.M. and stayed there until 6:00 P.M. We were unable to find it on the following day, June 30 at 6:00 A.M. Searching was conducted on June 30 at 6:00 P.M., but Individuals A and B were not found. At 6:00 P.M. on July 1, Individual B was found again. It attached to approximately the chart datum level on the bend of the jetty, and was already aestivating. In the bend of the jetty, the concavity of the two steel sheet-piles overlapped, and there was a dark and almost-closed space with the roof of concrete block. In this space, the marked individual directly attached to the pile as it aestivated in the narrow space between shells of C. gigas. Individual B continuously attached to the same position for 84 days until September 22, though there was extreme wave activity caused by two typhoons during this period. The second two individuals, C and D, were released on the mud flat near the bend of the jetty on July 1 at 6:00 A.M. (Table 1 , C and D) (Fig. 4, A) , but they could not be found at 6:00 P.M. At 6:00 A.M. on July 2, Individual D was found again. It attached to the steel sheet-pile wall on the bend of the jetty, approximately 20 cm below Individual B, and it was also aestivating in the narrow space between shells of C. gigas. Individual D stayed there for 87 days until September 26.
The last six individuals, E, F, G, H, I, and J, were released on the mud flat near the junction of the jetty and quay on August 23 at 6:00 A.M. (Table 1 , E-J) (Fig. 4, B) , and they were found at 6:00 P.M. on the same day, and all of them attached to the undersurface of the overhang-structure of the quay. On the following day at 6:00 A.M., Individuals E and F remained in the same positions, however, the other four were not observed. Individuals E and F were already aestivating at that time, and they continuously attached to the same position for 104 days until December 4. On December 9, it could be found that both were crawling on the steel sheet-piles near their aestivating sites, therefore, we considered that the aestivating season was over, and finished this survey.
Discussion
In the present study, the released individuals were hard to detect, but they did not creep into the mud where they were released, and that was the principal sediment of the present study site. Therefore, it may be that the main cause of the disappearance of Apostichopus japonicus in summer is simply that they have been overlooked. It was revealed through the tracking of marked A. japonicus that the aestivating sites of these individuals were in the narrow space between shells of Crassostrea gigas on the steel sheet-pile wall in the bend of the jetty, and the undersurface of the overhangstructure of the quay. In accordance with these observations, the attachment site was the narrow space in the hard substrate, and it also seems to be a place with the least amount of direct sunlight. The following inference can be drawn from these findings: the adult A. japonicus may have negative phototropism in the aestivating season, and they may attach to the undersurface of something to avoid exposure to direct sunshine. For the small individuals, limited shade under the shell clumps of C. gigas, etc. would be enough to avoid exposure to sunshine. In the present study site, there were uniformly sand bottom or sandy-mud bottom. However, in the natural habitats, there are rock tracts and boulder stones, and the underneath of these substrates may be selected as the aestivating site.
A. japonicus is a commercially important species as dried sea cucumber and vinegared raw flesh. Recently, it is being overfished, and stock enhancement programs such as release of seedlings are being conducted in Japan. However, because of the lack of reliable information on its basic ecology, it is difficult to formulate an effective strategy for its conservation and propagation. Compared to other fishery resources, A. japonicus does not have a high ability of locomotion. To ensure a suitable habitat, Hamano et al. (1989) suggested that it is necessary to make an ecological corridor approximated by three adjacent habitats: juvenile growing habitat, adult living and aestivating habitats. In the present study, we have shown an example of aestivation on an artificial jetty. This may prove useful in the development of techniques for creating suitable habitats.
